INTRODUCTION
Interferons (IFNs) are secreted proteins produced by mammalian cells after stimulation by various inducers (e.g. virus or double-stranded polyribonucleotide). These proteins protect different cell types against viral infection. Three antigenically distinct IFNs (IFN-~, IFN-/3 and IFN-~) are known. The IFN-cc group consists of highly related proteins, encoded by a multigenic family. These genes are tightly clustered in the genome (for review see Weissmann & Weber, 1986) .
In the mouse, the intron-less MulFN-cc gene family consists of over 10 members localized on chromosome 4 (van der Korput et al., 1985) . So far nine different genes and a pseudogene have been isolated and characterized (Shaw et al., 1983; Daugherty et al., 1984; Kelley & Pitha, 1985a; Le Roscouet et al., 1985; Zwarthoff et al., 1985; Dion et al., 1986; Seif& De MaeyerGuignard, 1986; Trapman et al., 1988) ; all except the pseudogene encode biologically active proteins.
The mouse model shows many advantages when compared to the human system for the study of the biological properties of IFNs. It has been reported that the sequence in the 5' flanking region is involved in the inducible expression of the human IFN-cd gene (Ragg & Weissmann, 1983; Ryals et al., 1985 ; Kuhl et al., 1987) but little is known of the mechanisms of induction and regulation of expression of different MulFN-~ subspecies.
We have isolated a new murine IFN-cc gene (c~8) from a fibroblastic cosmid library; the structure of the coding and flanking regulatory regions was determined. The functional MulFN-~8 gene was studied for its expression upon viral and non-viral induction in murine fibroblasts. As MulFN-~ genes are highly homologous, the relative levels of their transcripts were detected by sensitive RNase protection analysis.
(pUC and pGEM derivatives) (Hattori & Sakaki, 1986) or after subcloning in M13 mp8/mp9 vectors (Messing & Vieira, 1982) .
Eukaryotic expression of . A NcoI-PstI blunt-ended fragment containing the MuIFN-e8 coding region was ligated to EeoRI linkers and introduced at the EcoRI site downstream from the early promoter of simian virus 40 (SV40) in pKCR3 (O'Hare et al., 1981) . The recombinant plasmid was used for the transfection of simian COS-7 cells (Gluzman, 1981) by the calcium phosphate precipitation method (Wigler et al., 1978) . The presence of IFN activity was assayed in the culture medium 48 h after transfection.
In vitro transcription and in vivo translation. A SpeI-PstI fragment containing the total coding region of MuIFN~t8 was inserted into the pGEM3 transcription vector (Promega Biotec). T7 RNA polymerase was used to generate run-off transcripts of coding RNAs. The in vitro transcripts were microinjected into Xenopus laevis oocytes (Gurdon et al., 1971) , and translational products were tested for antiviral activity.
IFN titration and neutralization assay. IFN activity was assayed by titration on mouse L929 cells infected with vesicular stomatitis virus; interferon activity was apparent as inhibition of c.p.e. (Yamamoto & Kawade, 1980) . Titres are expressed in international reference units (IU) based on the NIH mouse reference IFN (G-002-905-511) . For the neutralization tests (Yamamoto & Kawade, 1980) , MuIFN-e8 at 2500 IU/ml was incubated for 1 b at 37 °C with serial dilutions of either polyclonal (generously provided by Dr Y. Kawade) or monoclonal (Yamasa Shoyu) MuIFN-e antibodies and assayed for residual IFN activity.
Preparation and analysis of cellular RNA by RNase protection. Mouse fibroblast C243 cells were induced either by Newcastle disease virus (NDV) (Tovey et al., 1974) or by poly(I)-poly(C) (Weissenbach et al., 1979) . Total cytoplasmic RNA preparation, poly(A) + RNA purification and IFN mRNA translation have been described previously . The RNase protection assay with RNA probes synthesized in vitro from the SP6 promoter was done as described (Zinn et al., 1983; Melton et al., 1984) . For each assay 10 gg of poly(A) + RNA was used. The templates used to generate the RNA probes were as follows. (i) For the MuIFN-c~8 probe; a SpeI-BalI fragment containing a 50 bp 5' flanking region and a sequence from the transcription start site (+ 1) through to position + 120 of the coding region was made blunt-ended and inserted into the polylinker ofpGEM3 at the Sinai site. After EcoRI cleavage, run-off transcription with SP6 RNA polymerase was used to generate a 200 nucleotide probe that is complementary to all MuIFN-ct transcripts but with various levels of mismatches. MuIFN-a8 mRNAs protect a 120 nucleotide fragment of this probe. (ii) For the MuIFN-e2 probe, a PstI-BgllI fragment of a MuIFN-ct2 cDNA containing 245 bp of the coding region and a 60 bp leader sequence was made blunt-ended and inserted into the HincII site of pGEM3. The vector was made linear by EcoRI and then run-off transcription was used to generate a 360 nucleotide probe. MuIFN-ct2 mRNAs protect a 305 nucleotide fragment of this probe. (iii) For the MuIFN-fll probe, a BamHI-BglII fragment of a MuIFN-fll cDNA containing 490 bp of the coding region was inserted at the BamHI site of pGEM3. After linearizing the vector by EcoRI cleavage, and run-off transcription a 540 nucleotide probe was generated. The MuIFN-fll mRNAs protect a 490 nucleotide fragment of this probe.
Sequence analysis. Nucleotide sequence analysis was performed using computer facilities at CITI2 (Centre Interuniversitaire de Traitement de l'Information, Paris, France). The EMBL and GenBank nucleotide data libraries were used.
RESULTS

Isolation and characterization of the MulFN-~8 gene
A murine genomic library constructed in the pJB8 cosmid vector was screened with the pPL608 MuIFN-~tp probe Dion et al., 1986) , and two recombinant cosmids cosA100-12 and cosA100-17 containing genomic fragments of 34 kb and 38 kb, respectively, were isolated. Southern blot analysis of EcoRI digests indicates that both contain 7 kb and 5.5 kb fragments that hybridize to the probe. Moreover, cosA 100-17 has an additional 4 kb hybridizing fragment (Fig. 1) . The 4 kb EcoRI fragment was cloned in the bacterial pUC9 vector and analysed by restriction mapping (Fig. 2) .
The complete nucleotide sequence of a MuIFN-e gene (MulFN-c~8) which has not been previously described is shown in Fig. 3 . It consists of an open reading frame of 567 bp corresponding to a deduced polypeptide of 189 amino acids. MuIFN-a8 has 90 to 95~ nucleotide homology and 80 to 90 9/oo amino acid homology with the sequences of the previously described MuIFN-c~ genes. The deduced amino acid sequence compared with the published Nterminal sequence ofa MuIFN-e protein (Taira et al., 1980) contains five cysteine residues (positions 1, 29, 86, 99 and 139) also present in all M u l F N -~ species identified. The pairs Cysl-Cys99 and Cys29-Cys139 are thought to be involved in disulphide bonds (Wetzel, 1981) . It is noteworthy that the positions of these four residues are conserved among all forms of human and murine IFN-~. The nucleotide sequence upstream (554 bp) and downstream (420 bp) of the coding region was determined. In the 5' flanking region, typical sequences required for the correct and efficient initiation of gene transcription were detected, e.g. a C A T T sequence 30 bp upstream of the TATTTAA box (position -32 to -26 relative to the putative cap site AGAGAA). An AATAAA polyadenylation signal is located 310 bp from the termination codon in the 3' flanking region. An AT-rich region characteristic of transiently expressed mRNAs (Shaw & Kamen, 1986 ) precedes this polyadenylation signal. Moreover, in the 100 bp upstream of the cap site some features involved in the enhancement and/or induction of the level of IFN gene transcription were found such as an SV40 and polyoma virus core enhancer (positions -81 to -74 and -42 to -36, respectively), and a 13 bp consensus element as part of the interferon gene regulatory element (Goodbourn et al., 1985) from positions -97 to -85. In this 100 bp sequence as for all the type I IFNs (~ and fl) a subregion (from -100 to -45) is 82~ purine-rich (Dinter & Hauser, 1987) and consists of motifs homologous to the hexanucleotide consensus and its permutations first described by Fujita et al. (1985) .
Expression of the MulFN-o~8 gene
In order to prove that the MulFN-~8 gene actually encodes a functional protein, the coding region of MulFN-~8 was subcloned in a pKCR3 eukaryotic expression vector. Monkey COS-7 cells transfected with this construct secreted a biologically active protein displaying antiviral activity (Table 1 ). In addition in vitro transcripts of the MulFN-~8 gene were translated in X. laevis oocytes after microinjection. The translational products possessed antiviral activity which was neutralized by polyclonal and monoclonal MulFN-~ antibodies (Table 1) .
MulFN-~8 gene expression in NDV-or poly(I).poly(C)-induced C243 cells
The presence of MuIFN-~8 mRNA in an NDV-or poly(I).poly(C)-induced C243 mouse fibroblast cell line was examined by RNase protection analysis. Poly(A) + RNAs isolated either from NDV-induced cells, poly(I).poly(C)-induced cells or uninduced cells were annealed with the appropriate labelled complementary RNA probe for the MuIFN-~8, -~2 and -ill genes, digested with RNases A and T1, and the protected fragments were analysed on polyacrylamide gels (Fig. 4) . RNA transcripts for MulFN-~2 and MulFN-fll were found in the NDV-induced cells as protected fragments of 305 and 490 nucleotides respectively, but no transcripts corresponding to the MulFN-~8 gene were detected by RNase analysis, even after long exposures (7 to 10 days). None of the three IFN genes was expressed in uninduced cells. As a negative control poly(A) + RNA from poly(I)-poly(C)-induced human diploid fibroblasts (FS4 cells) was used with each probe. The poly(I)-poly(C)-induced cell poly(A) ÷ RNAs contained no transcripts for MuIFN-~2 and MulFN-~8, and the transcript level for MulFN-fll was very low (a weak band corresponding to the protected MulFN-fll messenger appeared upon longer exposure).
DISCUSSION
Two mouse genomic segments were isolated in recombinant cosmids, and proved to contain overlapping fragments. Three of the EcoRI fragments (7, 5-5 and 4 kb) carry distinct MuIFN-~ genes. The 5.5 kb EcoRI fragment contains the previously described MuIFN-~7(10) gene (Dion et al., 1986; Trapman et al., 1988) , and another IFN-~ gene located in the 7 kb fragment is currently under study. As expected, these results confirm that the MuIFN-~ genes consist of a In the flanking regions of MulFN<(8 all the features necessary for induction and efficient transcription are present; we therelbre studied its induction in C243 ceils by RNase protection analysis of the transcripts. We show that MulFN-c(8 is not induced under the conditions used.
Type I IFNs (c( and/3) have been described as proteins and glycoproteins inducible by viruses or double-stranded polyribonucleotides. Several authors have reported differences in the level of IFN-c(gene transcription upon induction; according to Hiscott et al. (1984) , in the case of human IFN-c( genes it seems that their expression is limited to cells of lymphoid origin, that there are significant differences in the ratios of some of the IFN<( RNA levels from one cell type to another, and that, for a given cell type, the different IFN-~ subspecies are differentially expressed. For some of the MulFN-c( genes which have been characterized substantial differences in the amount of the individual mRNAs were detected in virus-induced mouse L s. NAVARRO AND OTHERS cells Kelley & Pitha, 1985 b) . As induction and expression of the IFN genes are regulated by their 5' flanking sequences (Ryals et al., 1985; Goodbourn et al., 1985; Fujita et al., 1985) the cell type specificity as well as the differential and modulated expression observed may be related to this organization. Thus IFN gene activation by different inducers appears to involve specific interactions between both positive and negative regulatory factors and DNA recognition sequences (Goodbourn & Maniatis, 1988) .
The absence of transcripts for MuIFN-ct8 could be ascribed to differences in the binding of regulatory factors depending on the DNA recognition sequences. In Fig. 5 the MulFN-c~8 upstream sequence was compared to those of highly and poorly inducible murine IFN-~ genes Kelley & Pitha, 1985 b; Bisat et al., 1988) . It is noteworthy that inducible genes such as MulFN-g2 and MulFN-ct4 show 91 ~o nucleotide homology between themselves while both reveal 25~ divergence from MulFN-~8. On the other hand MuIFN-~I which is known to be poorly induced shows only 10~o divergence from MuIFN-ct8 and this divergence falls to 29/0 in the 100 bp upstream of the cap site. Our results enabled us to compare the expression of MuIFN-~8, -~2 and -ill genes in a given cell type induced by a virus. The ratio of RNA transcripts varied greatly between the IFN-ct or -3 genes, the IFN-ct subspecies, and the inducers. The MuIFN-ct8 gene encodes a functional protein and contains the main structural features necessary for efficient transcription but diverges in the 5' sequence from the inducible IFN-ct genes. It can be suggested that such a gene might be expressed in other cell types or by other inducers. Specific cell-type factors would thus be involved in the regulation of IFN gene transcription.
